I.

Introduction:
The impact of lane change maneuvers is fundamental to microscopic traffic flow theory. In microscopic model both the system entities and their interactions are described at a high level of detail. For example, a lane-change maneuver at this level could invoke the car-following law for the subject vehicle with respect to its current leader, then with respect to its putative leader and its putative follower in the target lane, as well as representing other detailed driver decision processes. The duration of the lane-change maneuver can also be calculated (TRAFFIC SIMULATION BY EDWARD LIEBERMAN18 AJAY K. RATHI). There are several lane change algorithms in microscopic simulation models aiming at simulating a series of decision-making processes during lane change movement. The agreement between the simulated and field lane change behaviors is an important factor for simulation models to replicate the real world conditions.
A recent study (Godthelp and Shumann 1994) found errors between speed desired and maintained to vary from -0.3 to -0.8 m/sec in a lane change maneuver; drivers tended to lose velocity when they made such a maneuver.
In an article published by Kouichi Sumida et. al. -Mitsubishi Motors, it is measured the changes of heart rate in order to analyze the drivers' stress while they tried high speed lane-change on the stationary driving simulator. In this paper they concluded that the reasons of the changes were mainly dependent on the following two items. (1) mental pressure caused by the coming task of lane-change, (2) mental disturbance by the task to keep the vehicle inside the lane. By using the mental pressure and disturbance, they could evaluate the stability of the vehicles in lane-change maneuver.
The purpose of this paper is to experiment that there is difference in gap acceptance observations between left lane change and right lane change maneuver, and evaluate the overall aggressiveness of right lane change behaviors. In this paper, the driver's decision-making processes are evaluated using cumulative distribution functions of driver lane change behaviors from the observed field data. These evaluations are performed for drivers using I-20 in Grand Prairie, Texas with the roadside cameras mounted near the intersection of I-20 and Great Southwest Blvd. It has been widely recognized that the performance of a multi-agent system (MAS) is highly affected by its organization. A large scale MAS may have billions of possible ways of organization, depending on the number of agents, the roles, and the relationships among these agents. These characteristics make it impractical to find an optimal choice of organization using exhaustive search methods. (16) 
Data Collection Approach:
Due to the difficulty of tracking many vehicles over time and space, we collected lane change maneuver data recorded from a Texas Department of Transportation roadside camera located near the intersection of I-20 and Great Southwest Blvd. The type camera cannot be mentioned due to the security concerns. This approach eliminates the need for high-resolution maps accurate enough to capture the exact positions of vehicles in individual lanes. Five video segments from two days were analyzed in this project. The time periods analyzed were: A combination of data from all five time periods were examined together, and then the segments were segregated according to Peak and Off-peak periods. The 9am and 3pm segments were considered in the offpeak analysis, and the 4pm and 4:30pm segments were included in the peak period analysis. The time periods were segregated in this manner to determine if lane change behavior varies between low volume and high volume traffic conditions.
The determination of gap sizes were accomplished by recording the elapsed time between a vehicle moving into a particular lane (the "lead vehicle") passing a fixed point on the freeway and the vehicle directly behind the lead vehicle (the "trailing vehicle") in that lane passing the same point. Times were recorded using a hand-held stop watch, and gap values were carried out to tenths of a second. For this project, the west abutment of the Interstate 20 overpass over Great Southwest Blvd. proved to be an ideal fixed point at which to base the measurements. This determination was performed for both right lane and left lane change. The vehicle that made lane change was not tracked after the lane change. Due to the small numbers of lane changes observed by large tractor-trailer trucks and motorcycles during the observation times, the behavior of these vehicles was not considered in this study. Also gap lengths greater than five seconds were not measured to prevent excessive gap lengths from skewing the data.
II. Data Collection and Results:
The gap acceptance observations for this project were analyzed in two parts: As a whole by combining all observations made over all five time periods considered, and individually by segregating the observations into peak and off-peak time periods. To help account for possible error in the data collection procedure stemming from the operation of the stop watch, the observations were grouped into 0.2 second classes for analysis. For each case, the number of observations, average gap size, and standard deviation of the gap size were computed. These same statistics were calculated for the "raw" (ungrouped) observations for comparison purposes. Summary tables of the grouped data are shown in Tables 1 through 3 , and the statistics computed from the ungrouped observation data are presented in Table 4 .
The number of observed gaps that fell within each class was compiled and tabulated, and histogram plots of the frequencies of observations in each class were drawn for right and left lane change movements. It is interesting to note that the shapes of the histograms, shown in Figures 1 and 2 , resemble that of an exponential function that gap acceptance distributions commonly represent. To prove that the observed gaps were exponentially distributed, a Chi-Squared test was performed. The critical gap parameter was estimated for each case by computing the gap length that fell in the middle of the observations. Theoretically, half of the drivers would accept this gap, and half of the drivers would reject it. Not surprisingly, the critical gap for left lane change movements was found to be larger than that for right lane changes. Expected frequencies were calculated by multiplying the total number of observations for each lane change direction by the cumulative probability function, and then compared with the observed frequencies. For both the right and left lane change movements, the error between observed and expected frequencies was found to be within the threshold chisquared error limits, indicating that the observed gaps were exponentially distributed. Results of the ChiSquared tests are presented in Table 5 . Plots of the observed cumulative frequencies are shown in Figures 3 and  4 .
Finally, hypothesis tests were performed to determine if drivers did, indeed, accept shorter gaps for right lane changes than for left lane changes. For the three conditions considered -the Off-peak Periods, Peak Periods, and Combined Observations -a one-sided hypothesis test was run on the combined mean gap lengths and variances of the left and right lane change gap observations. The null (h 0 ) hypothesis stated that the gap lengths for right lane changes were, on average, about the same or greater than those for the left lane changes, and the alternative (h 1 ) hypothesis stated that the average gap lengths for right lane changes were less than those for left lane changes. The tests were performed at a 5% level of significance, which is the common significance level used for traffic studies.
Since this study used variances that were estimated from observed data and not "true" or universally accepted variances, the hypothesis tests were performed using the Student's t distribution. A pooled variance was found by taking the weighted average of the observed variances, and this was used to compute the test statistic, t * . This test statistic was compared with the t-value from the Student's t table at a 5% level of significance and degrees of freedom equal to the sum of both sample sizes minus 2. If the absolute value of t * was found to be less than that of the tabulated value, the null hypothesis was confirmed. Conversely, if the absolute value of t * was greater than the tabulated value, the null hypotheses was rejected. For this study, it was concluded that, overall, the average gaps accepted by drivers making right lane changes are statistically less than those making left lane changes. Of the two time periods considered, this was also found to be true during the off-peak conditions. For the peak conditions, however, the average gaps of left-lane changes were found to be statistically equal to or greater than those of right hand maneuvers.
For the periods where the both the right and left lane change sample sizes were large (>30), which was the case for the Combined and Off-peak Periods, hypothesis tests were also conducted as if the variances were known. This is acceptable because, according to the Central Limit Theorem, large sample sizes normally produce estimated variances that are close to the "true" variances. In this case, the test statistic (Z * ) was found using a pooled value of the measured variances, and this was compared with the Z value from the Standard Normal at a 5% level of significance. For both cases in which this method was performed, its conclusion matched that of the assumed variance method. The null hypothesis was rejected, and the average gap lengths of right lane change maneuvers was found to be statistically less than those of left lane change maneuvers. All hypothesis tests are shown in the Appendix to this report.
III.
Conclusions and Discussion:
The first thing that was noticed when collecting the data for this paper was the disproportionate number of right lane change movements observed compared to left lane change movements. The overall ratio of right lane change observations to left lane change observations was close to 3 to 1, and the disparity was more than 4 to 1 during the Peak Period observations. This is likely due, in part, to the location of the camera from which the video was taken for this project. As stated previously, the camera is located alongside westbound Interstate 20 at its interchange with Great Southwest Parkway, which is less than a mile upstream of the Interstate 20 / State Highway 360 interchange. It is reasonable to think that a large number of vehicles would access the right lane in this location in preparation to exit to SH 360, and the observations reflected this. The disparity may also stem from the idea that left lane changes are mainly "convenience movements" made for speed of travel purposes, while right lane changes are "necessity movements" made, in large part, for navigational purposes to access exit ramps. The increase in vehicle volume during peak periods results in a lower availability of comfortable gaps in which to change lanes, and this condition would likely reduce the number of "convenience" lane change movements more than it would the "necessity" lane change movements.
The second item that stood out in the findings was that the difference in gap lengths in the two lane change movements was most prevalent in the Off-peak Period, and not so much in the Peak Period. The average gap length observed for right lane changes was shorter than that for left lane changes during all periods considered. Interestingly, however, this difference was almost one half second in the off-peak times, and it reduced to less than a quarter second during the peak times. The overall results indicated that, overall, there is a statistical difference between the gap acceptance lengths for right and left lane changes, but most of the discrepancy appears to occur during periods of lighter traffic. This may be due to the fact that, since there are fewer vehicles on the road during the off-peak, there are a greater number of long gaps for drivers to choose from. What then occurs is the reverse of what happens during the peak times and described in the previous paragraph. The lighter volume allows a greater amount of freedom for vehicles to move within the freeway, which results in a greater number of "convenience" (i.e. left) lane change movements, and these movements occur with longer gap lengths. Meanwhile, the "necessity" (i.e. right) lane changes continue to occur at relatively high rates and with shorter gap lengths.
While the scope of this study was rather limited by its use of one camera to collect data from a single location, we believe that it does shed some light on driver behavior regarding lane change maneuvers during varying traffic conditions. It would be interesting to expand the scope of this study to other locations throughout the Metroplex and even to other metropolitan locations to determine if the behavior patterns described herein translate to other locations as well. Critical Gap = β = 1.58 Critical Gap = β = 1.36 n = 61 n = 168 l = 1 l = 1 ν = 59 ν = 166 α = 5% α = 5%
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Conclusion:
At a 5% level of significance, freeway drivers accept, on the average, lower gaps to make right-handed lane change maneuvers than they do for left-handed lane change maneuvers.
There is no evidence to suggest that freeway drivers accept the same or larger gaps for right-hand lane change manuevers than they do for left-hand lane changes, therefore we conclude that they accpet shorter gaps for right-hand lane changes.
Combined Periods
There is no evidence to suggest that freeway drivers accept the same or larger gaps for right-hand lane change manuevers than they do for left-hand lane changes, therefore we conclude that they accpet shorter gaps for right-hand lane changes. 
Off-Peak Periods Left Right
There is no evidence to suggest that freeway drivers accept the same or larger gaps for right-hand lane change manuevers than they do for left-hand lane changes during offpeak periods, therefore we conclude that they accpet shorter gaps for right-hand lane changes.
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At a 5% level of significance, freeway drivers accept, on the average, lower gaps to make right-handed lane change maneuvers than they do for left-handed lane change maneuvers during off-peak periods. Conclusion: There is no evidence to suggest that freeway drivers accept shorter gaps for right-hand lane change manuevers than they do for left-hand lane changes during peak periods. At a 5% level of significance, freeway drivers accept, on the average, lower gaps to make right-handed lane change maneuvers than they do for left-handed lane change maneuvers during peak periods.
